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Abstract 
The results from tests for the presence of cellulose in the agricultural biomass waste for selected quality traits of pellets produced 
were presented. Selected test raw materials revealed the average cellulose content determined by Kürschner-Hanak method in the 
range from less than 32% (buckwheat straw) to less than 43% (rye straw). There was negative linear relationship between the 
cellulose content in pellets from waste plant biomass and the bulk density and stability of pellets. It would be justified to carry out 
research on the content of lignin in plant biomass in the context of its impact on density, durability and the calorific value of the 
agglomerate. 
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1. Introduction 
Decreasing fossil fuels resources affect the growth of their prices, and their use entails consequences related, 
among others, to global warming. This was pointed out in “A European Strategy for Sustainable, Competitive, and 
Secure Energy”. It emphasizes the problem of depletion of fossil fuels and increasing prices for crude oil and natural 
gas, and the need to ensure the energy security, and to create competitive internal energy markets (Green Paper, 2006, 
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Pultowicz, 2009).The fundamental aim of sustainable energy policy is to limit the negative impact of energy industry 
on the atmosphere and at the same time to ensure the energy security, to meet the social needs and the competitiveness 
of economy (Lorek, 2007). There is some emphasis on rational use of energy from renewable sources including solid 
biomass of agricultural origin. 
Solid biofuels are among the main sources of renewable energy. Resource base can be mainly provided by field 
crops, with a focus on the use of waste biomass and surplus from conventional crops, such as cereals and other crops 
straw as well as grasses from permanent grasslands and wastelands (hay) (Świętochowskiet al., 2011). This biomass, 
as a fuel, consists of three basic substances (Rybak, 2006): organic (combustible), mineral, and water. The organic 
substance is composed of cellulose (fiber), lignin, and hemicellulose, in the construction of which such chemical 
elements as carbon, hydrogen, oxygen can be distinguished. Percentage of these compounds has an impact on the 
amount of energy contained in the biomass expressed as a heat of combustion (Kowalczyk-Juśko, 2009, Rybak, 2006, 
Wandrasz and Wandrasz, 2006). Minerals such as potassium, sodium, calcium, carbonic and phosphoric acid salts etc. 
are important components of solid biofuels. Content of these components makes up an average of approximately 0.2-
1.7%. Cellulose, hemicellulose, and lignin are the basic structural material of organic matter. General information 
about the lignocellulose material is its chemical composition (Paukszta, 2006). Differences in these compounds 
contents in the plant biomass determine the originality of their characteristics and species diversity. Properties of these 
substances are also different. 
Cellulose is a polymer belonging to the group of polysaccharides composed of glucose residues connected in the 
form of long, unbranched chains and is the basic material for plant tissue construction. This is a white,fibrous pulp 
with a density of about 1.25 g·cm-3;it is non-fusible and insoluble in chemical solvents. The calorific value of this 
compound in a dry state amounts to 17.03 MJ·kg-1. Hemicellulose belongs to the group of polysaccharides and, in 
contrast to the structural composition of the cellulose, has branched chains. Calorific value of this compound is 16.67 
MJ·kg-1dry matter. Lignin is a solid substance built of high-molecular polymer composed of unsaturated alcohols and 
phenols. In this group of compounds, it is distinguished by the highest calorific value equal to 26.36 MJ·kg-1dry matter 
(Wandrasz and Wandrasz, 2006).  
The uniformity of physical and chemical characteristics of different, in terms of species, plant biomass can be provided 
by the pressure compaction. The mechanism of binding the particles of bulk organic material depends on many factors. 
Hejft (2002) draws attention to material factors and construction and operating issues of compaction device as well as 
processing of the obtained product. Among the material factors, in addition to the fineness degree, its homogeneity 
and physical condition of the plant matter, the presence of substances to facilitate the particles merging, is important 
as well. The literature highlights the plasticizing of material particles (cellulose recrystallization) with respect to the 
compaction process temperature (Hejft, 2006). Wandrasz and Wandrasz (2006) report that pure cellulose with the 
purity of 99.81%, is a substance that can be easily formed into pellets. However, there are no data taking into account 
the relationships between the cellulose content and selected quality features of pellets, particularly their density and 
durability. 
The aim of the study was to analyze the dependences between the cellulose content in waste agricultural biomass 
and selected qualitative characteristics of the pellets produced. 
2. Material and Methods 
Following types of plant raw materials were selected to study: rapeseed straw, winter wheat straw, winter triticale 
straw, rye straw, buckwheat straw, and hay. These raw materials were harvested in farms located in the Lublin 
province. 
The materials were grounded using a flail shredder equipped with a 10 mm mesh screen. The shredder, for selected 
raw materials, provided the following fraction percentage:>3.15 mm: rapeseed straw – 50.48%, wheat straw – 54.86%, 
triticale straw 68.60%, rye straw – 47.24%, buckwheat straw – 25.45% (Kachel-Jakubowska and Szpryngiel, 2014). 
Such ground straw was subject to compaction process applying the pellet-forming device with a unilateral stationary 
flat matrix of 25 mm thickness and 8 mm hole diameter. The rotational speed of compaction rollers was 11.67 rad·s-
1, and rollers drive was transferred from an electric motor with an output of 7.5 kW through a set of gears. 
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The resulting granules, after a stabilization period of 24 hours, were subjected to further lab testing, in which 
contents of the following items were determined: 
x moisture – gravimetric method according to PN-EN 14774-2:2010; 
x  ash – gravimetric method according to PN-EN 14775:2010; 
x  cellulose –Kürschner-Hanak method; 
x  lignin and hemicellulose as the difference between organic matter and cellulose content; 
x  calorific value after determination of combustion heat in the analytical state – calorimetric method according 
to PN-EN 14918:2010. 
For these products, the density of 10 granules was also determined by direct measurement of external dimensions 
using caliper and weighing the portion of pellets by means of laboratory scales with an accuracy of 0.01 g, and then 
calculating their bulk density. Subsequently, the mechanical stability of pellets was determined using a rotation 
scanner with two containers of standard size and rotating at a speed of5.22 rad·s-1for 600 s in accordance with 
requirements of PN-EN 15210-1. 
The results were statistically processed including the estimation of means, standard deviations, and the trend lines 
were made by formulating their equations and coefficients of linear fitting. 
3. Results 
The average contents of cellulose, hemicellulose and lignin, water, and ash for the test material are shown in 
Figure 1. 
 
 
  
 
 
 
  
  
 
 
 
 
 
 
 
 
 
Fig. 1. The average contents of cellulose, hemicellulose and lignin, moisture and ash in pellets made of cereal straw and hay. 
 
The mean percentage of cellulose ranged from 31.8% (buckwheat straw pellets) to 42.64% (rye straw pellets). The 
share of hemicellulose and lignin ranged from 43.04% (rye straw pellets) to 52.44% (buckwheat straw pellets) (Fig. 
1). The water content amounted from 9.96% - pellets made of buckwheat straw and hay pellets, to 11.78% - wheat 
straw pellets (Fig. 1). Wheat, rapeseed, and rye straw pellets were characterized by the lowest ash content, with 
respective values of 2.38%, 3.38%, and 3.60%. The highest amount of ash was reported for pellets made of hay - 
6.11% (Fig. 1). 
Comparing the results of water and ash content with literature data and the quality requirements for pellets in the 
context of the raw materials used, it can be said that, taking into account the study conditions, these parameters were 
comparable and met the requirements of PN-EN 14961-6 (Denisiuk, 2009, Kowalczyk-Juśko, 2009, Rybak, 2006, 
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Wandrasz and Wandrasz, 2006). Cellulose content in the waste agriculture biomass tested was slightly lower than the 
content of this compound in the pulp of coniferous and deciduous trees, for which the respective ranges are 48-56% 
and 46-48% (Dobrowolska et al., 2010). 
Figure 2 presents density of the pellets in a view of the cellulose content. Mean values of density ranged from 1032 
kg·m-3 (rye straw pellets) to 1185 kg·m-3 (buckwheat straw pellets). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Density of pellets vs cellulose content. 
 
It has been found that there is a tendency of decreasing the density of pellets depending on the increase in the 
cellulose content. Probability of straight line fitting is R2=0.3942 (Fig. 2).  
Figure 3 illustrates the mechanical durability of pellets in an aspect of the cellulose content. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Mechanical durability of pellets vs cellulose content. 
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Mean values of mechanical durability under study conditions ranged from 95.7% (rye straw pellets) to 99.5% 
(buckwheat straw pellet). Mechanical durability of pellets decreases along with the increase in the cellulose content. 
Probability of line fitting R2=0.7537 (Fig. 3). 
The calorific value of pellets depending on cellulose content was also determined (Figure 4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Combustion heat of tested raw materials in air-dry statevs cellulose content. 
 
The calorific value ranged from 14.57 MJ·kg-1 (buckwheat straw pellets) to 16.57 MJ·kg-1 (pellets made of hay). 
No clear dependence was found between cellulose content vs. calorific value (Figure 4). Higher calorific value is 
probably associated with increased percentage of lignin that is characterized by calorific value at the level of about 
26.36 MJ·kg-1 (Wandrasz and Wandrasz 2006). 
Achieved results are comparable with literature data and pellets meet the requirements of PN-EN 14961-6 
(Denisiuk, 2009, Kowalczyk-Juśko, 2009, Rybak, 2006, Wandrasz and Wandrasz 2006). 
4. Conclusions 
Based on the study, the following statements and conclusions can be drawn: 
1. Cellulose content in tested waste agricultural biomass differed among species. Its lowest percentage was found 
in pellets made of buckwheat straw (31.8%), while the highest in rye straw pellets (42.64%). 
2. Study conditions revealed negative linear dependencies between cellulose content in pellets made of waste plant 
biomass and their density and durability. Corresponding linear fitting coefficients R2were 0.3942 and 0.7537. For the 
calorific value of tested pellets, no strong relationships with the cellulose content were recorded (R2=0.0027).  
3. It would be justified to carry out the research on the content of lignin in plant biomass in the context of its impact 
on density, durability, and calorific value of the agglomerate. It is important in respect to production of formed fuels 
and energetic use of waste plant raw materials. 
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